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PREFACE

HIS essay is one of the many relaxations from the ties of

a more exacting work on the History of Zoology on
which I have been engaged for very many years. Probably
no one who has worked on a comprehensive treatise of this
character has been able to resist the appeal of the numerous
backwaters into which from time to time he is inveigled. I
have already been turned from the purpose of the parent
work on two occasions in order to trace the development of
the Anatomical Museum and the history of Anatomical
Injections. The present diversion has disclosed many critical
points which it is hoped will be of interest to the historian
and bibliographer. I have attempted to place the complete
story of the Preformation Doctrine before the reader, and
to avoid the common mistake of ignoring all but the more
salient features. If, therefore, parts of the narrative are
devoid of arresting incident, it is because the genius of the
time was often unenterprising and imitative. All historians
of Science soon realize how curiously easy it is to fall into
error. I have discovered too many serious lapses in the work
of my contemporaries to be guilty of the folly of supposing
that my own is free from them. I must therefore rely on the
sympathetic understanding of the instructed reader, and

“ expect the inevitable corrections.

My friend Mr. Clifford Dobell, F.R.S., who has made
a very careful study of Leeuwenhoek, has been kind enough
to contribute to the work a translation of Leeuwenhoek’s
historic letter on the discovery of the spermatozoa. The
manuscript of this letter has not survived, and Mr. Dobell’s
translation is based on the Dutch and two Latin versions
which were printed at the time. He has also revised the
translation of the difficult letter by ‘Dalenpatius’, in the
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preparation of which I had the assistance of Dr. W, H.
Semple. Mr. A. Hastings White, of the Royal Society, has
always cheerfully responded to my almost daily requests for
books and advice in various bibliographical entanglements,
and my valued colleague, Dr. N. B. Eales, has given material
help in revising and preparing the manuscript for the press.
The photographic illustrations are the work of Mr. F. C.
Padley. Finally I owe grateful acknowledgements to the
Research Board of Reading University for a grant in aid of
publication.
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I
EARLY HISTORY OF THE SPERMATOZOA!

THE discovery of the spermatozoa is one of the major
events in the history of Zoology. “Thereis’, says Leuck-
art, ‘scarcely any discovery in the realm of animal Biology
which has aroused so general an interest as the discovery of
these motile seminal corpuscles.” Around this real, but
almost inscrutable nucleus, are grouped all modern systems
of generation, and compared with it they are as evanescent
as steam. Rarely in the history of Science have issues of great
philosophical and practical importance depended on so cir-
cumscribed a foundation, and rarely has any foundation been
called upon to support such excessive and shifting loads.
The superstructure in fact is constantly undergoing demo-
lition and repair, but the germ endures as the unchanging
material basis of it all. The popular fallacy that small things
are of necessity contemptible, exemplified by the complacent
opinion of Malebranche that ‘men were not made to con-
template midges’, is sufficiently refuted by the history of the
spermatozoa, and we may now proceed to trace that history
in some detail.

Before the spermatozoa were actually observed the
speculations of Paracelsus that generation is initiated in
putrefactions, and may be made the subject of an alchemical
experiment, had aroused expectations of spectacular dis-
coveries. Man, he says, may be generated without a natural
father or mother, and to do this

‘let the sperm of a man by itself be putrefied in a gourd glass, sealed
up, with the highest degree of putrefaction in horse-dung, for the
space of forty days, or so long until it begin to be alive, move, and
stir, which may easily be seen. After this time it will be something
like a man, yet transparent, and without a body. Now after this, if

I In these two chapters the history of the spermatozoa is traced only in so far as it
has any connexion, real or supposed, with observation. The relation of the sperma-
tozoa to the preformation doctrine, which is a philosophical conception having no
observational basis, is dealt with elsewhere.
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2 EARLY HISTORY OF THE SPERMATOZOA

it be every day warily, and prudently nourished and fed with the
arcanum of man’s blood, and be for the space of forty weeks kept in
a constant, equal heat of horse-dung, it will become a true, and living
infant, having all the members of an infant, which is born of a woman,
but it will be far less. This we call Homunculus or artificial man. . . .
Now this is one of the greatest secrets, that God ever made known to
mortal, sinful man.’?

The word Homunculus occurs in Cicero, and was used by
Paracelsus to indicate a man made artificially, in which sense
it was employed by a number of later writers, some of whom
refer to the ‘Homunculus of Paracelsus’. The Homunculus
of Sterne in Tristram Shandy savours more of Paracelsus than
of Leeuwenhoek, or perhaps, as is more likely, Sterne is using
the term in its original literary sense as meaning simply
a little man. Paracelsus disliked women, which may explain
his attempt to produce a foetus without the co-operation of
a mother.

The occurrence of fertilizing particles in the male semen
was assumed by Gardinius in 1623, but it is to Christiaan
Huygens in 1678 that we owe the first published description
of the spermatozoa. After mentioning animals which arise in
corruptions, he says that

‘there is another kind which must have a different origin. Such for
example are those which one discovers with the microscope in the
semen of animals, which seem to belong to it, and are present in such
great quantity as to compose almost the whole of it. They are formed
of a transparent substance, their movements are very brisk, and their
shape is similar to that of frogs before their limbs are formed. This
discovery, which was made in Holland for the first time, seems very
important, and should give employment to those interested in the
generation of animals.’

No names are mentioned in this note, which was published
on August 15th, but in a letter dated March 26th, 1678,
Huygens admits having seen Leeuwenhoek’s letter of
November 16772 (published in 1679), and he also knew of

! Sir Thomas Browne commenting on this says, ‘I am not of Paracelsus’ mind,
that boldly delivers a receipt to make a man without conjunction’,
* This was probably shown him by his father, Constantin Huygens, to whom

Leeuwenhock had sent a copy of this letter.
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Leeuwenhoek’s letter of December 3rd of the same year.
Huygens returns to the spermatozoa in a letter to Grew
dated June 6th, 1678, in which he mentions that he had of
late devoted his attention to improving microscopes, being
prompted thereto by the discovery of the animalcules in the
semen of animals by Hammius, a student of Leyden, which
animals, he says, he has often seen. In a communication to
the French Academy dated July 3oth, 1678, Huygens de-
scribes small animals like tadpoles which he had found in the
semen of the dog. Finally in his ‘Opuscula Posthuma’ he
says that the ‘most wonderful and extraordinary of micro-
scopic sights is the animals in the male semen. They appear
as an immense swarm of little fishes having the form of frog’s
tadpoles before they have acquired their feet’. On this
evidence it is manifest that, although Huygens does not
mention Leeuwenhoek by name in his published notes, his
own work is nothing more than a verification of a discovery
communicated to him by Leeuwenhoek.

On August 29th, 1678, a further communication on the
spermatozoa was published under the name of Hartsoeker.
At that time Hartsoeker was not able to write in French, and
the note, as he admitted later, was drafted by Huygens. In
it he mentions very briefly the semen of the cock as contain-
ing animals Jike little eels, which therefore differed from the
tadpole-like animalcules found in the semen of other types.
Hartsoeker was of course quite right in this, and it must be
admitted that he was the first to see the spermatozoa of
a bird. There is no claim to priority in this note, but the
letters of Hartsoeker published recently disclose the source
of his information on the spermatozoa. Inletters to Huygens
dated March 14th and 25th, 1678, that is before the date of
Huygens’ first letter, Hartsoeker describes his method of
making microscope lenses. He fuses in a lamp flame single
beads of glass, which are thereafter neither ground nor
polished. When observing, the microscope is directed
against the bright blue sky, in order to obtain a brilliant
background. In the first of these letters, he gives a figure of
the spermatozoa showing the head and tail, but it is small
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and crude, nor does it exhibit any internal structure. He
does not state from what animal it was derived. In the
second letter he says that the more he examines the seminal
animalcules, the more difficult it is to describe their form
exactly. They have, he thinks, a projecting muzzle, a flat
back, round belly, and a tail ten or twelve times the length
of the body. The human animalcules are said to agree with
those of the dog, except that in the dog they are a little more
" oblong. He announces that he is about to examine the semen
of the horse and bull. Another crude figure is given which
also shows no internal structure. One remark in this letter
is important. He accuses Leeuwenhoek (quite wrongly) of
finding vessels in the seminal animalcules, and in his next
letter he is anxious to know what Leeuwenhoek made of the
seminal animalcules in the rabbit, but as Leeuwenhoek’s
first published letter on the spermatozoa did not appear until
1679, it follows that Hartsoeker is in the same position as
Huygens, and must have obtained his first knowledge of the
spermatozoa from Leeuwenhoek, either directly, or in-
directly through Huygens. In a further letter dated April
4th, 1678, he claims to have seen the seminal animalcules of
the bull, but was not able to observe them properly, and he
mentions that they occur also in the cock and drake. In man
he believes that they can change the shape of their bodies,
which explains why it is difficult to determine their structure.
It should be noted that, up to this point, Hartsoeker gives no
hint or suggestion of the existence of a complex structure in
the seminal animalcule.

In 1694 Hartsoeker makes his first claim to the discovery
of the spermatozoa. He states that it is more than twenty
years since he examined the semen of animals with micro-
scopes, and discovered, and published for the first time, that
it was crowded with an infinity of animals like the tadpoles
of the frog. In man and quadrupeds the animals were of the
tadpole type, but in birds they were worm-like. This dis-
covery, he says, he communicated to Malebranche. In 1674,
when the alleged discovery was made, Hartsoeker would be
but eighteen years of age, and, further, he forgets that his
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note was published in 1678 and not in 1674. Many years
later, after Leeuwenhoek was dead, Hartsoeker revived his
claim to the discovery of the spermatozoa in an elaborate and
scornful attack on Leeuwenhoek, but he himself died before
it was published. We may at the outset reasonably ask why
he nursed his grievances for over forty years, and only
reduced them to writing when his opponent was unable
to reply.

Hartsoeker, in this interesting but mendacious document,
informs us that he visited Leeuwenhoek at his house three
times—in 1672—3 (with his father), 1679, and 1697-8. On
his second visit he incurred the enmity of Leeuwenhoek by
a contemptuous criticism of his work and methods amount-
ing almost to an accusation of bad faith. The difference
between the two men at that time, both in respect of age
and reputation, was considerable, and it is therefore not
surprising than when Hartsoeker begged for information as
to Leeuwenhoek’s methods, he was told that they were
communicated only to his wife and daughter, after which
the great man excused himself, and the youthful critic was
curtly dismissed. At his third visit Hartsoeker was accom-
panied by the Burgomaster of Delft, who was requested not
to disclose his companion’s identity, which, after an interval

» of almost twenty years, might be regarded as impenetrable.

Nevertheless he did so, whereupon Leeuwenhoek received
Hartsoeker with an air of disdain, his eyes flashed with
indignation and contempt, and he roughly turned him out
of the house, without attempting to show him anything.
Hartsoeker, having explained how and why he had learnt
nothing from Leeuwenhoek, proceeds to criticize Leeuwen-
hoek’s letter No. 113, dated December 17th, 1698. He
asserts that Leeuwenhoek, prior to this letter, had never
made known that the discovery of the seminal animalcules
had been communicated to him by Ham. On the contrary
Leeuwenhoek had insinuated that the discovery was his own,
and had allowed himself to be acclaimed as the discoverer,
without attempting to undeceive the world. When, how-
ever, he had read the passage in his (Hartsoeker’s) Dioptrique



6 EARLY HISTORY OF THE SPERMATOZOA

of 1694, he abandoned his own pretensions to the discovery,
and resuscitated a student of medicine named Ham, to whom
he attributed it. From these statements we can only con-
clude that Hartsoeker had either forgotten, or had never seen,
Leeuwenhoek’s letter dated 1677, which was published in
the Philosophical Transactions for 1679, in which he quite
definitely attributes the discovery of the spermatozoa to
Ham. Further, Hartsoeker’s three private letters to Huygens
written in 1678, bearing dates anterior to his published
description of the spermatozoa of the same year, establish
the fact that he was already acquainted with Leeuwenhoek’s
work on the spermatozoa at the very time that he is repudiat-
ing any knowledge of it.

In the letter No. 113, to which Hartsoeker refers, Leeu-
wenhoek mentions that many years before an elderly man
with his son [young Hartsoeker] had been to see him. Heis
surprised that Hartsoeker should claim as his own a discovery
which belongs properly to Ham, who by his modesty, good
sense and diligence was well qualified to discover the secrets
of Nature. What, asks Leeuwenhoek, must Hartsoeker have
been like twenty-five years ago, that is in 1674 ? But, replies
Hartsoeker, he was born in 1656, and would then be eighteen
years of age, his eyes would be as good as those of a man of
forty [Leeuwenhoek would be forty-two in 1674], he had
perfect lenses which Nature made for him [the fused beads

of glass], and sufficient curiosity to wish to examine every- -

thing which came under his notice, in which occupation, as
witness Leeuwenhoek himself, he lacked neither under-
standing nor genius.

After an account of his early years, occupied in study day
and night, Hartsoeker, in the posthumous work of 1730,
reverts to his method of making microscope lenses—an
occupation to which he was introduced by his master in
Mathematics. Hartsoeker happened to be waving a glass
thread in the flame of a candle, when he noticed that the
end of the filament became rounded, and as he knew that
a glass sphere magnified objects placed in its focus, he
mounted the globule between two sheets of lead in much the

.
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same way as he had seen Leeuwenhoek do when he was at
his house with his father.! He was rejoiced to find himself in
possession of a good microscope, and at little cost. He admits
that up to the time of Leeuwenhoek no one had thought of
using small globules of glass to examine transparent objects
against the daylight, and he quotes the mathematician

.Hudde as having expressed surprise that Leeuwenhoek, a

man without learning and without genius, should have led

" the way in this matter.

Among the objects Hartsoeker says he examined with his
new microscope in 1674 (he would then be eighteen years of
age) was the semen of man, in which he saw a prodigious
number of little animals, but as he believed that their
presence was due rather to some disease, he kept his counsel
at the time, and the discovery came to naught. He then
spent some years in the study of the ‘false and ridiculous’
Cartesian philosophy, but resumed his microscopical obser-
vations in 1677, when he again discovered the animalcules
in the semen of man. They were all of the same size and
shape, and resembled the tadpoles of frogs. This discovery
he communicated to his master in Mathematics and to one
of his friends, and as they found the same animalcules in the
semen of the dog, they concluded that their presence was

, not due to disease, but that they belonged naturally to the

semen, in which they would doubtless be found in all
animals. He was confirmed in this conclusion by finding
similar animalcules in the semen of the cock and pigeon, but
with this difference—in the birds they resembled small
worms or eels, as he had stated in 1678. When he was asked
where the human animalcules were found, he replied that it
was in the saliva, which mis-statement, being spread about,
explains, he thinks, why Leecuwenhoek, in order not to
appear to see less than his contemporaries, had described
a vast number of small animals in saliva, which certainly
were not there. At this time Huygens, having returned to
Holland from France, and having heard of Hartsoeker’s
discovery, expressed a wish to see him, and at this meeting

' But he has only just claimed that he had learnt nothing from Leeuwenhoek.
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Hartsoeker confessed that the animalcules had been found
not in saliva but in the semen, and that he had had reasons
for issuing a false report, although he does not disclose what
they were. Hartsoeker then proceeded to Paris in the spring
of 1678, where he found that Huygens’ observations, made
with the microscope of new construction, were being dis-
cussed.! These observations, and the invention of the micro-
scope by which they were made, Hartsoeker claimed as his
own, and roundly accused Huygens of plagiarism. He was
urged to expose Huygens in the leading French Journal, but
being ignorant of the French language, an indictment was
prepared by his advisers, to which all those who had any
animus against Huygens contributed. This was copied by
Hartsoeker, and submitted to the Editor of the Fournal des
S¢avans, who, however, refused to publish it, but instead
passed it on to Huygens. The latter again sent for Hartsoeker,
upbraided him for his share in the conspiracy, and offered to
draft an account of the discovery of the male seminal animal-
cules under Hartsocker’s own name. Hartsoeker, not un-
willing to propitiate Huygens, gladly consented to this, and a
few days later Huygens composed the note which was pub-
lished in the Journal for August 1678, as has already been
described. In this note, however, the question as to who was
the first to discover the spermatozoa was not raised, but, on
the evidence now available, it may be stated with confidence
that neither Huygens nor Hartsoeker had any share in it.
We now reach the important part which Leeuwenhoek
himself played in this investigation. It may perhaps be
pointed out here that Leeuwenhoek’s veracity was frequently
called in question, but he had also spirited defenders, and he
would occasionally produce the written testimony of people
of standing to whom he had demonstrated his discoveries.
He is evidently hurt by the charge, and makes frequent
reference to it in his letters. His first letter on the sperma-
tozoa, written in Dutch, the only language at his command,
and dated November 1677, was translated into Latin by a
friend (unknown) and sent to the Royal Society, who

I But Huygens’ note was not published until August 15th of that year.
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published it in the Philosophical Transactions for 1679. Of

the three extant versions of this letter the Dutch one
(Letter No. 113) is the most authentic, and probably repre-
sents in full Leeuwenhoek’s original text of 1677. The
second Latin version is a retranslation from the Dutch. No
manuscripts of any of these three letters have survived, and
hence the first printed text in the Philosophical Transactions
is the original. The ‘Mr. Ham’ mentioned by Leeuwenhoek
in this letter did not himself publish anything on the
spermatozoa. He was Johan Ham, a Dutchman of Arnhem,
who was born in 1650 or 1651, but the date of his death is
unknown. He discovered the spermatozoa when he was a
medical student at Leiden. He qualified in medicine later
and practised as a doctor at Arnhem, of which town he
became the Burgomaster. The Ludwig von Hammen of
Danzig (1652-89), the author of the De Herniis, who is
usually credited with the discovery of the spermatozoa, is
another person who had no connexion whatever with it.
This error was made originally by Haller in the seventh
volume of his Elementa Physiologiae of 1765, and it has been
copied ever since, in spite of several authoritative corrections.
Leeuwenhoek’s letters on the spermatozoa do not appear
in Hoole’s English translation of his works, the translator °
evidently subscribing to the opinion that such subjects
‘to many readers might be offensive’. Hence his title,
“The Select Works of Antony van Leeuwenhoek’. An English
translation of Leeuwenhoek’s historic letter has hitherto not
been published, and may therefore be fitly given here!:

“The Observations of Mr. Antony Leeuwenhoek, on
Animalcules engendered in the Semen [Letter No. 22].

A letter from the observer to the Right Honourable the
Viscount Brouncker; written in Latin, and dated November,
1677 ; which the Editor [Nehemiah Grew] considered should
be published in the very words in which it was sent.

I This translation has been prepared by Mr. Clifford Dobell, F.R.S., and is based
on the Dutch and two Latin printed versions of the letter. ‘In translating Leeuwen-
3763 c
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After the distinguished Professor of Medicine Craanen had
himself many times honoured me with a visit, he besought
me, in a letter, to demonstrate some of my observations to
his kinsman Mr. Ham. On the second occasion when this
Mr. Ham visited me [in August, 1677], he brought with him,
in a small glass phial, the spontaneously discharged semen of
a man who had lain with an unclean woman and was suffering
from gonorrhoea; saying that, after a very few minutes (when
the matter had become so far liquefied that it could be intro-
duced into a small glass tube) he had seen living animalcules
in it which he believed to have arisen by some sort of putre-
faction. He judged these animalcules to possess tails, and
not to remain alive above twenty-four hours. He also
reported that he had noticed that the animalcules were dead
after the patient had taken turpentine.

In the presence of Mr. Ham, I examined some of this
matter which I had introduced into a glass tube, and saw
some living creatures in it: but when I examined the same

“matter more carefully by myself, I observed that they were

dead after the lapse of two or three hours.

I have divers times examined the same matter (human
semen) from a healthy man (not from a sick man, nor spoiled
by keeping for a long time, and not liquefied after the
lapse of some minutes; but immediately after ejaculation,
before six beats of the pulse had intervened): and I have
seen so great a number of living creatures in it, that some-
times more than a thousand were moving about in an amount
of material the size of a grain of sand. I saw this vast number
of living animalcules not all through the semen, but only in
the liquid matter which seemed adhering to the surface of
the thicker part. In the thicker matter of the semen, how-
ever, the animalcules lay apparently motionless. And I con-
ceived the reason of this to be, that the thicker matter con-
sisted of so many coherent particles that the animalcules

hoek’; Mr. Dobell remarks, ‘it is most important to remember that he himself used
nothing but the most common and homely words. All scientific or literary expressions
were wholly foreign to his nature, and should not therefore be used if it is wished to
represent his sayings justly.’
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could not move in it. These animalcules were smaller than
the corpuscles which impart a red colour to the blood; so
that I judge a million of them would not equal in size a large
grain of sand. Their bodies were rounded, but blunt in front
and running to a point behind, and furnished with a long
thin tail, about five or six times as long as the body, and very
transparent, and with the thickness of about one twenty-
fifth that of the body; so that I can best liken them in
form to a small earth-nut with a long tail.! The animalcules
moved forward with a snake like motion of the tail, as eels
do when swimming in water: and in the somewhat thicker
matter, they lashed their tails some eight or ten times in
advancing a hair’s breadth. I have sometimes fancied that
I could even discern different parts in the bodies of these
animalcules: but forasmuch as I have not always been able
to do so, I will say no more. Among these animalcules there
were some still smaller particles, to which I can ascribe
nothing but a globular form.

I remember that some three or four years ago I examined
seminal fluid at the request of the late Mr. Oldenburg,
Secretary of the Royal Society. Looking into the matter I
find that he wrote asking me to do so from London, on the
24th of April, 1674: and among other things, he besought
me also to examine sahva, chyle, sweat, &c.: but at that time
I took the animalcules just described for globules. Yet as
I felt averse from making further inquiries, and still more
so from writing about them, I did nothing more at that time.
What I here describe was not obtained by any sinful con-
trivance on my part, but the observations were made upon
the excess with which Nature provided me in my conjugal
relations.? And if your Lordship should consider such matters
either disgusting, or likely to seem offensive to the learned,

! Leeuwenhoek is here comparing the spermatozoa with the ‘nuts’ of the plants
which form our common ‘Earth-nuts’ or ‘Pig-nuts’ (Bunium flexuosum). Bunium has
a tuber-like swelling on its root, and when this is dug up it bears an associated rootlet
—hence mimicking the form of the spermatozoon with its head and tail. This com-
parison is not only apt in itself, but characteristic of Leeuwenhoek’s simple manner
of expressing himself.

2 Cf. Lallemand, 1841, p. 36.
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I earnestly beg that they be regarded as private, and either
published or suppressed as your Lordship’s judgement
dictates.

I have already many times observed with wonder the
parts themselves whereof the denser substance of the semen
is mainly made up. They consist of all manner of great and
small vessels, so various and so numerous that I misdoubt me
not that they be nerves, arteries, and weins. Nay, I
have indeed observed these vessels in such great numbers,
that I believe I have seen more in a single drop of semen than
an anatomist would meet with in a whole day’s dissection of
any object. And when I saw them, I felt convinced that,
in no full-grown human body, are there any vessels which
may not be found likewise in sound semen.

Once I fancied I saw a certain form, about the size of a
sand grain, which I could compare with some inward part of
our body. When this matter had been exposed to the air for

some moments, the mass of vessels aforesaid was turned into
~ a watery substance mingled with large oily globules, such as
I have formerly described as lying among the vessels of the
spinal marrow. On seeing these oily globules, I conceived
that the vessels might perhaps serve for the conveyance of
the animal spirits, and that they are composed of such a
soft substance in order that, as the humour or animal spirits
continually flowed through them, they might thereby be-
come consolidated into oily globules of sundry sizes—
especially when they are exposed to the air.

Moreover, when this matter had stood a little Whlle, there
appeared therein some three-sided bodies terminating at
either end in a point (as in Fig. A), and of the length of the
smallest grains of sand, though some may have been a bit
bigger. And these were furthermore as bright and clear as
if they had been crystals.””

In acknowledging this communication on January Ist,
1678, Secretary Oldenburg urges Lecuwenhock to confirm

I Crystals of spermine phosphate which are formed in human semen only. The
above passage is the first description of these bodies, which were discovered by
Leeuwenhoek. Cf. for figures the letter of Dalenpatius.
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his discoveries and extend them to the semen of animals,
such as the dog and the horse, so that comparative data may
be available as to the number and structure of the animal-
cules in forms other than man. To this Leeuwenhoek replies
under the date of March 18th of the same year that he has
examined the animalcules in the dog and the rabbit, and he
now encloses drawings of them.

Yok x 2 Fgr g 1

Fic. 1. Leeuwenhoek’s first sketches of the spermatozoa. 1—4 are of the
rabbit, and 5-8 of the dog. 1 and 5 only were drawn from living material

By 1683 Lecuwenhoek had examined the seminal animal-
cules in almost all classes of animals, and had substituted the
theory of generation ex animalculo for that of ex ovo—a creed
he continued to urge for the rest of his life. It was in fact
believed that he had discovered the homunculus of Para-
celsus and of the older anatomists. In man and the dog he
claims to have found two kinds of animalcule corresponding
to the male and female sexes—a statement he repeats in a
subsequent letter. In criticizing this statement, Buffon
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complains that Leeuwenhoek does not describe the differ-
ences between the supposed male and female germs, and
suggests that the distinction existed only in his imagination.
In a letter published in 1686, but dated 1679,! Leeuwen-
hoek mentions that Hooke had demonstrated animalcula to
Charles IT, who had watched them with great astonishment
and expressed admiration of their discoverer. Blumenbach,
in commenting on this demonstration, states that Charles 11
commanded the spermatozoa to be presented to him swim-
ming and frisking in their native fluid.? The spermatozoa
were discovered, he adds, ‘in the semen of all animals, and
what is remarkable, of nearly the same size and shape in
the semen of the largest and of the smallest, in the semen of
the sprat and of the whale; they could distinguish the male
from the female; in the semen of the ram, they beheld them
moving forwards in a troop with great gravity like a flock
of sheep’.
- Having, as he thought, distinguished sexual differences in
the spermatozoa, Leeuwenhoek in 1699 suggests that they
may be able to reproduce themselves, but that they may do
so with great rapidity as in other microscopic animals he has
investigated, in which case the small stages would be passed
through very quickly. Nevertheless he does not believe that
the spermatozoa grow, but that they are all approximately
of the same size. In a later letter he thinks it possible that
they may generate without pairing, like the aphis, but he
does not develop this suggestion.

Three early references in the literature to the discovery
of the spermatozoa must suffice to close this chapter in their
history. In aletter dated May 28th, 1678, but not published
until 1680, T. Bartholin, jun., briefly mentions that he had

I An abstract of this letter appears in Hooke’s Philosophical Collections, No. 1,
1679, but the passage relating to the King is omitted.

2 This incident created a deep impression, and figures repeatedly in the literature
of the period. Mr. Dobell, however, informs me that it is based on a misinterpre-
tation of Leeuwenhoek’s words, and that what Hooke introduced to the king was not
gpermatozoa but the animalcula of infusions. The mistake appears to have been
made originally by Haller (1765), who quoted Leeuwenhoek as his authority, and the
story was subsequently repeated by numerous authors with additions.
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been shown human semen under the microscope, and had
seen that it was full of a kind of animalcula. At a meeting
of the Royal Society held on July 3rd, 1679, Slare, who was
introduced by Hooke, demonstrated the ‘animals i# semine
animalium’, which he had obtained by expressing the juices
from the testis of a horse, and ‘Mr. Hooke putting some of
the liquor upon the plate of his double microscope, an
infinite number of these small wriggling creatures might
very plainly be distinguished, and were discovered and
observed by most of the members, who were present’. In
the same year, but later, Hooke himself attempted to find
them in a lamb and a very young cock, but failed to do so.
In 1681 Schrader states that the first to discover the seminal
animalcula was ‘my very dear friend D. Ham’, who found
them in the cock (?), and who told Schrader that he had
examined sterile semen very carefully, and had not found a
single animalcule in it, nor could he find them in the semen
of old animals.
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LATER HISTORY OF THE SPERMATOZOA
/ I \HE spermatozoa having been discovered, and their

existence generally admitted, the inevitable contro-
versy arose as to their origin, structure, and meaning.
Dionis in 1698 is not prepared to accept the seminal animal-
cula without further inquiry, since they may arise from the
small fibres of the semen after exposure to air. Lister’s
difficulty (1698) is that assuming human bodies to be pro-
duced from seminal animalcula, where do the latter come
from? They must, he argues, be generated throughout life
because they are forthcoming up to extreme old age, and
yet they are constantly being used up. Can they reproduce
themselves, or are they produced spontaneously ? The latter
possibility, he says, is rejected by Leeuwenhoek, and the
former leads him into an absurd position, since to generate
they must be mature, and hence they must mature twice—
once in the male semen when they reproduce themselves,
and again in the uterus when they develop into human
bodies. Leeuwenhoek in the following year replies to this
criticism, but does not attempt to meet Lister’s difficulty of
the two maturity periods of the animalcula. He refers to
the fish which empties its soft roe completely every breeding
season, and yet it fills up again with a fresh batch of milt,
and he surmises that at every discharge some seminal matter
is left behind which by propagation is responsible for the
supply of the following year. He repeats his belief in male
and female animalcules, and prefers to conclude that they
can procreate their kind rather than that they are spon-
taneously generated. Lister returns to the problem in 1709,
and now concedes that the male semen is crowded with
vermiculi, but maintains that their function is merely to
incite the male to perform the sexual act. He points out
that the semen is not peculiar in possessing vermiculi,
which occur in other regions and humours of the body,
and hence they are not necessarily concerned with genera-
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tion. The view that they develop into men he dismisses
as absurd.

‘Homunculi isti quanti sint, cum cogito,
Haec res agetur aliis, mihi certe fabula.’

The occurrence and behaviour of the spermatozoa at
different periods of life was noted by many of the early
microscopists. Thus Geoffrey and du Cerf (1704) observed
that spermatic animalcules do not occur in sterile individuals,
and in old men only a few are found, which are feeble in
their movements, and they may even be absent. In a boy
of twelve or thirteen years they are present in great numbers
and are not fully mature, but in an individual of middle
age they are well developed and exhibit great activity. All
these circumstances seem to indicate that these small animal-
cules may nevertheless be the essential and immediate cause
of generation.

Schurig in his useful compilation (1720) does not accept
the spermatozoa. He says that any observer could concoct
similar animalcula with a good microscope, and that Leeu-
wenhoek was misled by his preconceived opinions. What
he regards as tailed worms are only the active portion of the
semen agitated in a viscid mass, which, becoming slowly
consumed, leaves behind some inactive fibres which Leeu-
wenhoek set up as the dead bodies of the worms. A new
attitude is adopted by Vallisneri (1721), which had important
bearings in the subsequent discussion. He confirms the
existence of the animalcula, but holds that their object is
to prevent the clotting of the semen and to keep it fluid.
They have no relation to actual generation itself—in fact he
regards them as simple independent organisms or parasites.

In an important work on the development of the Chick
(1722), Maitre-Jan admits that he was unable to find the
spermatic worms himself in the dog, cat, cock, and bull—
a failure he attributes to the defects of his microscope. He
does not, however, deny their existence, but suggests that
if they really exist, there is no reason to associate them
with any essential process of generation. On the other hand,

Folkes, in the course of his description of Leeuwenhoek’s
3763 D
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microscopes (1724), refers particularly to ‘that famous dis-
covery of the animalcula in semine masculino, which has
given a perfectly new turn to the theory of generation in
almost all the authors that have since wrote upon that
subject’. Gesner (1737), a philosophical writer, accepts the
statements of Leeuwenhoek and Hartsoeker on the seminal
animalcula, which he says leave no room for doubt. He
describes the discovery as an ‘incredible marvel’, and the
object of his paper is to transfer the credit of it to Hippo-
crates, who, by the sole force of his reason, discovered what
only the best eyes backed by the best microscopes can per-
ceive. The proofs of this contention depend on taking
various trifling liberties with the text, including the transla-
tion of Yuyr as animalcule. With such methods at command,
there are no limits to the discoveries which may be found in
the writings of the ancients.

When Linnaeus was staying in Leiden in 1737, he attended
~ the microscopic demonstrations of Lieberkithn, and at one
of these the animalcula in semine masculino were exhibited.
He at once declared his conviction that these moleculae
were not true animalcules, but inert corpuscles, and he
published this opinion later in 1746. He therefore opposed
Leeuwenhoek’s ex animalculo theory, and did not afterwards
change his mind.* The French naturalist Lyonet, celebrated
for his superb studies on the anatomy of insects, discusses
the spermatic animalcules in his edition of Lesser’s Insecto-
T heologia (1742). He denies that the semen of all potent
animals has animalcula. They may be absent, and the
individual so deprived be still potent. He argues that they
may be the result of fertility and not the cause of it, i.e. the
fertile semen alone may possess the quality essential for the
multiplication of the animalcula, whereas the sterile semen
may be an unfavourable medium. For example, ‘a species of
small serpent is often generated in vinegar, but never in the
wine from which that vinegar has been made; must we
therefore conclude that it is the existence of these small

' Linnacus’ views on the spermatazoa are severely criticized by Spallanzani

(1776).
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serpents which differentiates vinegar from wine? Rather
should we not believe that they are found in vinegar because
it alone is a suitable medium for their life and multiplica-
tion ?’ He maintains further that the animalcula are found
in all parts of the body, such as the skin, blood, mouth, and
faeces, where they can hardly be supposed to have any rela-
tion to generation. He regards them as parasites, but not
necessarily as harmful. The interpretation of the sperma-
tozoa as entozoa, which was first suggested by Vallisneri, is
thus adopted by Lyonet as a plausible hypothesis.

Maupertuis (1744) admits the existence of the sperma-
tozoa, but is unable to demonstrate the use of them. He
proposes an explanation which is somewhat similar to that
suggested by Vallisneri—that by their movements they
serve to keep in agitation, and in that way to mix completely,
the two seminal liquors. James (1745) admits that the sper-
matic animalcula ‘really exist, and are easily visible by the
help of glasses’, but since they are never to be found in the
fresh uncorrupted semen, they must be interpreted as one of
the products of putrefaction. Leeuwenhoek’s new system
of generation is ‘utterly romantic, and inconsistent with the
conduct of Providence, observable in all natural produc—
tions’. A somewhat analogous view was expressed in 1746
by Wahlbom, who described the seminal animalcula as inert
oleaginous corpuscles set in motion by the heat of the
semen, and another variant is that of Procope Couteau
(1748), who believed that they originated during the sexual
act, and perished on its completion.

It is now necessary to give some attention to the experi-
ments and speculations of Buffon (1749, 1777), described by
Haller as that great man who only embellished with the
eloquence which was natural to him the system of Demo-
critus and Hippocrates, but, says Dalyell, ‘we descend from
the observations of Leeuwenhoek to those of Buffon’. The
great French commentator and naturalist examined the
spermatozoa of man, dog, rabbit, ram, and fishes. They
possess, he claims, no characteristics of animality—they are
not little animals. He ranks them among his aggregates of
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‘living organic molecules’, and derives them from the
mucilaginous parts of the semen and its filaments, which
can be seen undergoing conversion into spermatozoa under
the observer’s eye. Hence they are formed outside the body,
and, not only so, but they actually increase in number, size,
and activity after they have left the generative organs. The
semen when first discharged is generally full of branching
filaments. From these filaments the spermatozoa are de-
rived, and at first possess tails. They become detached from
the filaments, and move about slowly, being encumbered by
their tails, which are not swimming organs but accidental
appendages.! The tails are then lost, and motion becomes
much quicker. They may now change their shape and size
and divide by fission. Buffon positively asserts that in 1748
he had found, and demonstrated to Daubenton and Need-
ham, spermatic animalcula in the Graafian follicles of a bitch
in heat which had never been covered—an assertion as
positively denied by Gleichen and other contemporary
observers. In a letter dated November 1776, but not
published until 1860, Buffon returns to the subject. He has
evidently not changed his views, which in fact are restated
in his volume of 1777. The microscope, he says, has pro-
duced more error than truth. He accepts none of the ‘pre-
tended discoveries of M. Spallanzani’, and is surprised that
any one should believe that the spermatic worms and those
of infusions are true animals recognizable as species different
from each other. Nothing is less proved or more false than
this assertion. He had seen the so-called spermatic animals
a long time before Spallanzani, but regarded them as nothing
but the first aggregates of the living organic molecules.
Buffon need not be taken seriously as a microscopical
observer, and his views on the spermatozoa are so similar
to those of Needham, which were also published in 1749,
that it is impossible to disregard the significance of the
coincidence.? According to Needham, the spermatozoa are

I Cp. Needham, 1749.

2 Compare the Preface to the French edition of Needham (1750), in which he
explains how his results were made use of by Buffon to illustrate the theory of
organic molecules.
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‘organized bodies’ which are produced in that exalted
medium called the semen by a combination of active prin-
ciples. After the semen is discharged it liquefies, vegetates,
and shoots out filamentous ramifications, which latter break
up to form the spermatozoa. The spermatozoa therefore do
not form a part of the original semen, but arise later—it may
be immediately after discharge, or not for some hours. The
tails of the animalcula, so far from assisting locomotion,
impede it, and produce an unstable oscillatory movement.
They are, in fact, long filaments of the viscid seminal
substance which is trailed after the moving globule. The
animalcula play no essential part in generation, but are
a by-product of the operation of those particles in quest of
organization, which are themselves the true and adequate
cause of it.

In 1751 Lieberkithn, who was an animalculist, develops a
suggestion which may be described as the natural outcome
of previous observations. He attempts to prove that the
form of the spermatozoa fits in with the type of adult into
which it is to develop. Thus the sperm of the snail, which
has no backbone, has a long slug-like structure and moves
accordingly. Again, the tortoise has no movable backbone
(which is fused with the shield) but has a mobile neck, and
hence its spermatic animalcule has the tail in front and not
behind. Nevertheless the animalcule does not move back-
wards, but is pulled forwards by hooking movements of
the tail. -

The first author to classify spermatozoa as distinct animals,
and therefore to label them definitely as Infusoria or
Parasites, is Hill (1752). He puts them in the group of
‘Lesser animals called animalcules’ alongside Zorticella and
(?) Euglena, and treats of the spermatazoa of various Mam-
mals including Man, Amphibia, Reptiles, and Insects, but
his descriptions are too vague to make it possible to identify
the forms he is describing. He places them under his new
genus Macrocercus, and there are six species. In the English
translation of Swammerdam’s Biblia Naturae (1758), there
is a note presumably by Hill in which it is stated that the
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‘animalcules in semine’ are more easily and distinctly seen
in the sperm of the male frog than in any other way. “They
who doubt the existence of such animalcules (for it is at
present a fashion to doubt them) have not examined the
male sperm of this creature.” The fashion referred to by
Hill is exemplified by Ramstrom (1759), a pupil of Linnaeus,
who followed the lead of his teacher, and questioned the
status of Leeuwenhoek’s seminal animalcula. They are, he
says, not animals, but floating oleaginous particles of lifeless
matter suspended in a liquid and put in motion by heat. His
material was obtained only from the dog. At the time Ram-
strom was writing it was well known that the spermatozoa
of the frog were active, although heat could play no part in
their activity. Astruc, in his lectures of 1740, and later in
his treatise of 1765, accepts Leeuwenhoek’s descriptions of
the spermatozoa, and on the grounds that they are not found
outside the male genital humour, that they are either not
present in very young males or if present exhibit no move-
ments, and that they become very active during the period
of propagation and revert to the languid condition in old
age, he concludes that they must constitute an important
element in generation, and indeed defends the animalculist
position. The vermiculi, he says, are either male or female,
the former being the larger, and whilst those of the same
species differ only in size, specific characters may be detected
in different species.

The preconceptions of Haller would not dispose him to
attach much importance to the spermatozoa. Their dis-
covery, he remarks, produced a great stir. They were shown
to King Charles IL,! they were talked about everywhere, and
accepted almost by all—in fact this discovery enjoyed as
much celebrity as an incident of such elementary importance
could deserve. He admits that he has not found the animal-
cula in infants, young lambs, sterile animals, old men, and
mules. Nevertheless they belong naturally to the semen,
and form its essence. They are found in all animals, and
are not derived from the air, or they would occur in all

! But cp. p. 14.
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animal humours. On the other hand he regards as pure
conjectures the following statements of Leeuwenhoek and
others: that they have sex; that they copulate and reproduce
themselves; that small and immature specimens occur; that
they moult their skins and tail; and that they may have two
heads. Certain writers, he adds, especially those in the last
century, thought they saw things the reality of which is
open to grave question, and it is only with the greatest reserve
that one can admit even what the most celebrated men
have written.

One of the earliest naturalists actually to examine the
spermatozoa as well as to write about them is Spallanzani
(1776).1 He amply confirms the observations of the ‘most
accurate Leeuwenhoek’, and firmly opposes those of Buffon.
He denies the formation of the spermatozoa outside the
body from the solid or filamentous part of the semen, and
demonstrates that typical tailed examples occur in the fluid
part of the semen even when it is included in the organs of
generation. They do not multiply by division. He suggests
that Buffon was dealing for the most part with the organ-
isms of putrefaction, and may not have seen the spermatozoa
at all. When Buffon describes the loss of the tails of the
animalcula, he had probably only observed their death and
the appearance of tailless infusion organisms. Spallanzani
himself, however, has no clearly defined views as to the real
nature of the spermatozoa. He professes to have found them
in the blood,? and thinks they might originate there. He
does not detect any signs of complex structure in them, and
concludes that they must be ranked among the normal
constituents of the animal kingdom. In a letter to Spallan-
zani dated 1771, Bonnet comments on Spallanzani’s work on
Infusions, and adds: ‘Your observations [on the spermatic

I It is interesting to note that Spallanzani preferred the simple to the compound
microscope when investigating the spermatozoa. He remarks that it is a fact acknow-
ledged by all observers that the single lens gives a better defined picture than the
compound microscope.

2 Gruithuisen (1812), who held that the spermatozoa propagated by longitudinal
fission like the Infusoria, and even by budding, also claims to have ‘seen them arise
in the blood.
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worms] have a great value in my eyes—they are both new
and exact. I wish we could resuscitate the good Leeuwen-
hoek. What a pleasure it would have been to him to find
himself avenged for the attacks of Buffon.” Gleichen (1778),
like Spallanzani, approaches the problem of the spermatozoa
from the microscopic side. He holds that, apart from the
witticism of Dalenpatius, they have been in the main
accurately described by those who have made a proper
microscopic examination of them, and he expresses surprise
and indignation against those who have doubted their
existence. He emphatically disputes Buffon’s assertion that
animalcules similar to spermatozoa are to be found in any
of the secretions of the female, and is equally emphatic that
they should not be confused with the infusion organisms,
since they have an entirely different origin.

In 1779 Blumenbach, like Hill, refers the ‘animalcula
found in the semen’ to the Infusoria, but he describes them
under the new name of Chaos Spermaticum (Cercaria sper-
matica). In 1780 he develops this view in the following
passage: ‘I cannot conceive how some professed philosophers
and natural historians have been led to deny life and volun-
tary motion to those animalcula [spermatozoa], but I am
still more at a loss to imagine how another set of philosophers
have been induced to dignify these animalcula of a stagnant
animal fluid to the high rank of the organized germs of
successive generations.” His objections to the latter attitude
are: (1) nearly related animals may have very different
spermatozoa, and conversely widely differing animals may
have almost identical spermatozoa. For example, the sperms
of the frog and newt are widely different, whilst those of
man and the ass are identical ; (2) more than one kind of sperm
may appear in the same drop of semen, and the sperms of
the same animal have been represented differently by various
authors. Their form, therefore, is irregular and uncertain,
which would not be the case if they were foetuses.

Senebier (1785) confirms the suggestion of Spallanzani
that Buffon confused the spermatic worms of animals with
the widely different organisms which appear in the semen

—

Frc. 2. Buffon’s figures of ‘spermatic animalcula’ from the seminal liquor
of a dog (19) and from the Graafian follicles of a bitch (20) to establish the

identity of the two substances

Frc. 3. Valentin’s figures of the early and mature stages of the spermatozoa
of the Boar
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subsequent to putrefaction. He also criticizes Leeuwenhoek
for his belief that generation is effected only by the spermatic
worms, but he says ‘undoubtedly this error is that of a great
man’. It illustrates, he continues, the danger of giving rein
to an imagination which betrays one into beliefs which are
not even probable. The spermatic worms have been much
studied since Leeuwenhoek, but it must be admitted that
their purpose in the seminal fluid is nevertheless unknown.
That they are not essential to generation, he adds, has been
proved by the penetrating genius of Spallanzani, who fecun-
dated the eggs of a toad with seminal liquor which contained
no spermatic worms. This statement, however, was nega-
tived by Prévost and Dumas (1824), who asserted that if the
male seminal liquor be filtered, the filtrate is deprived of its
fertilizing power, but that the residue retains it. Hence the
virtue lies in the animalcula, which exercise a real and per-
haps an exclusive influence in the act of generation. They
have no points of similarity with the Infusoria, and are not
parasites, but represent a true product of the genital gland
in which they are found. This important paper contains the
first tentative suggestion of the histogenesis of the sperma-
tozoa in the tissues of the testis, and a clearer appreciation
of the part taken by the sperm in fertilization than is to be
found in any previous publication. Treviranus was in 1805
unconvinced by Leeuwenhoek’s spermatic animalcula, but
later, in 1833, in contesting the belief that they are parasites
comparable with infusion organisms, he advances a novel
and interesting proposal of his own. He regards them not
as distinct or independent animals, but as bodies analogous
to the pollen of plants. The tails represent the connexions of
the animalcula with the surface of the secretory vessel in
which they are formed, and when they are detached they
carry the connecting fibres with them. He proposes there-
fore to call these bodies ‘animal pollen’, and their activities
are not considered to be spontaneous, but as similar to the
so-called Brownian movements. In this work we find another
hint of the origin of the spermatozoa from the tissues of the
reproductive organ.

- 3763 E
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Bory de Saint-Vincent (1824) was not able to distinguish
any structure in the zoosperms,! even with the most powerful
microscope at his disposal. There are no articulations in the
tail representing a vertebral column, as other hasty observers
had described, and the expanded part is not the rudimentary
head of a larger animal. He contests the statement that the
zoosperms are cercariae,? from which they are distinguished
by their lateral compression. In putrefied semen there is
no life, nor has it the power of generating life, whilst the
fresh semen swarms with zoosperms, and is potentially
generative. He states definitely that the zoosperms are
secreted in the testis, and therefore cannot be parasites, but
they find in the animal body their nourishment and a
habitat suitable to their organization. That is all. The
function of these organisms is to ensure the mixture of the
various substances necessary for generation. If they are
absent the mixing does not take place, and the semen perishes
without fruition. To hold, however, that they constitute
the fecundating element of the semen is a hazardous idea
which has never been established. Three years later (1827)
Bory partly recants and partly develops his views. He now
holds that the zoosperms are Entozoa and constitute ‘un
genre de la famille des Cercariées, dans ’ordre des Gymnodés
et de la classe des Microscopiques’. They occur only in the
spermatic liquor of male animals, in this respect differing
markedly from other Cercariae, and Buffon is quite in error
in stating that they are found in the female sex. There can
be no question of their reality, but the consequence of attri-
buting to them an importance which they do not possess
only raises doubts as to whether they exist at all. Neverthe-
less their presence is indispensable to generation. ‘They
appear only in the adult semen at the onset of puberty, and
they disappear in old age when the faculty of reproduction
has been lost, nor do they exist in the sterile mule. During

 The colloquial term zoosperme (spermatozoa) was first employed by Bory in
1823. The genus Zoospermos was instituted by the same author in 1827.

2"0. F. Miiller apparently never saw spermatozoa himself, but compared them with
the genus Cercaria, without however claiming relationship between the two.
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the active reproductive periods they develop and multiply
greatly. These facts point to an intimate connexion between
the zoosperms and fecundation. His present conclusions,
which he says are only provisional, are that the zoosperms
are actually animals but are not produced by secretion. That
organisms can be generated in this way is not in reason. The
zoosperms develop in the semen of males just as Entozoa do
in the mucous parts of other regions of the body, and they
only appear when the male semen has attained the physical
status necessary for their existence. He has little to add to
his former opinion of their function except that in virtue
of their prodigious numbers and activities they are respon-
sible for the sexual orgasm, and also that they indirectly
promote fertilization by sweeping the spermatic liquor to-
wards the egg. In an article published later (1830), he adopts
a more confident tone. The odd and verbose disputes which
have been waged over the zoosperms, he says, are now at an
end. The zoosperms are an indispensable element in fecunda-
tion, and their animality is beyond question. They appear to
exercise will in their movements like the tadpoles of frogs.
Dumas, writing in 1825 before the publication of Bory’s
second article, severely criticizes Buffon’s researches on the
spermatozoa. They were not, he says, sufficiently extensive
to justify the bold conclusions which were drawn from them.
Further, his microscope was apparently unequal to work of
so refined a character, and ‘our Pliny’ himself was not
sufficiently familiar with its use. He holds that the sperma-
tozoa are the product of a true secretion of the testis, and
that they constitute the essential and indispensable factor of
the male seminal fluid. This is proved beyond the least doubt
by numerous filtration experiments, in which the effect of the
presence or absence of the spermatozoa can be estimated.
The views of von Baer on the spermatic animacula will be
scrutinized with interest, but they are disappointing. He
says in 1826 that the animalcula develop in the semen only
when it has acquired its highest degree of perfection, i.e.
when it is very decomposable and particularly suitable for
fecundation. They are Infusoria-like parasites or Entozoa of
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the semen, and have no essential connexion with the life of
the host, and hence can play no leading part in the process
of generation, although they may be accessory or comple-
mental to it. In 1827 von Baer was the first to fix and
epitomize the parasitic interpretation of the spermatic
animals by naming them Spermatozoa. He thinks they may
be a very simple variety of the Cercaria type. They evi-
dently have no mouth opening, and hence must represent
a lower level in the scale of development than the typical
Cercaria. Cloquet (1827) also regards the spermatozoa as
Cercarias, basing his opinion on their structure. He was
greatly impressed by their discovery, and remarks that of all
the discoveries made by the microscope none is more worthy
of attention. The complex movement of these organisms,
in which volition is exhibited, are very similar to those of
tadpoles—in fact they are more like independent organisms
than many animals which are more highly organized. He
_ expresses no opinion on their function, and leaves theorizing
to those who have an affection for final causes. He mentions,
however, that small portions detached from the gills of
mussels behave like spermatic animalcula, which is an early,
but not the first, mention of ciliary action. Home’s contribu-
tions to the theory of generation (1828) are not impressive.
Apart from a detailed description of a uterine ‘human ovum’,
which is apparently the egg of a blowfly, his views on the
spermatozoa, based on an investigation of the deer in Rich-
mond Park during two seasons, show how far he is from even
a distant appreciation of the realities of the problem. He
refers to the wild theories concerning the male semen
accredited at his time, and complains that Leeuwenhoek’s
statements on the seminal animalcula, although completely
misguided, have never been fully exploded. He concludes
‘that the appearance of living animalcula in the semen is
not a real one, but is the effect of microscopic deception’.
A year later the botanist Reichenbach was classifying blood
corpuscles and spermatozoa as independent organisms, consti-
tuting the first family of the animal kingdom.

In 1833 Blainville was still discussing the classification of
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the spermatic Infusoria into genera and species, based largely
on the structure of the tail, a system of which he does not
approve. Spermatozoa, he says, have no intrinsic powers of
movement, such movement being due to the warm solvent
action of the liquid in which they live. If the temperature
is reduced the solvent action is weakened, and the move-
ments either cease or become feeble. He questions the
importance of the spermatozoa in generation, and even
doubts their independent existence. If they are compared
with genuine microscopic animals considerable differences
are at once apparent. On the other hand Czermak, in the
same year, after referring to the fact that very reliable
observers have attached little importance to the spermatozoa
in the generative act, is himself inclined to support Prévost
and Dumas, and to regard the animalcula as the active
principle of the semen. Delle Chiaje, however, another
contemporary writer, favours a parasitic interpretation, but
prefers to classify the spermatozoa as Pseudhelminthes and
not as true Entozoa. Owen (1835) is also dubious. He says
it is still undetermined whether the spermatozoa correspond
to the pollen of plants or whether they are independent
organisms, but he has decided to range them provisionally
with the parasites as members of the class Entozoa of the
order Protelmintha. He describes the human spermatozoon
under the name of Cercaria hominis. He admits that no
mouth or genitalia have been detected in them, but he is
not prepared to deny that they are oviparous, or that they
may propagate by fission. Their constant occurrence would
indicate that they are concerned in the economy of the
animal in which they exist.

A remarkable addition to the literature of the spermatozoa
was made by Peltier in 1835-8—a contribution all the more
striking since it immediately preceded the enunciation of
the cell theory. Peltier was indeed the first observer to
produce evidence against the parasitic interpretation of the
spermatozoa. According to him they arise by the segregation
and growth of elements which belong by inference to the
tissues of the animal in which they are found, and if this be
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so it must be conceded that the spermatozoa are not para-
sites. At the same time, in 1837, Dujardin reached a some-
what similar point of view. He regards the spermatozoa as
a product of the lining of the seminiferous tubules, in which life
is inherent, just as cilia still continue to move in a portion
of the gill removed from a mussel. He denies that a complex
structure can be detected in them, and asserts that they
differ from the Infusoria in their capacity to resist decomposi-
tion almost indefinitely, whereas the true Infusoria decom-
pose rapidly after death. He rejects the numerous inter-
pretations of the economy of the spermatozoa which had
been put forward, without being able to reach any conclu-
sions himself, and refers particularly to the speculation that
the spermatozoa have no reality, but depend on an illusion
produced by the mixture of two liquids of different densities.
In the same year Wagner gives a good description of the
spermatozoa in all classes of animals. He attempts to work
out their histogenesis, and states that they arise in clumps
from vesicular shaped bodies, but does not succeed in tracing
their exact origin. Each species of animal has its own, and
only one, kind of spermatozoon, and each group possesses
its own type, the members of the group having variants of
the group type. Thus the Mammals adhere to the Cercaria
and the Birds to the linear model, whilst the bony fishes
have the small globular type with a very long thin tail.
Without the spermatozoa the semen has no fertilizing power,
for this power is lost when they are dead, and their function
may be to act as the bearers of the energizing properties of
the semen.? As might be deduced from his theoretical bias,
Ehrenberg (1838) is disposed to detect traces of an internal
organization in the spermatozoa. His own unpublished
observations on animals of every class, he says, put it beyond
all doubt that the true spermatozoa cannot be distinguished
from the cercariae in the liver of the Snail.

! In 1836-7 R. Wagner made the important and significant discovery that the
grape-like organ in the liver of Pulmonata produces both eggs and sperms, and that
therefore in these animals the ovary and testis are combined to form a single organ.
He did not determine, however, whether ripe eggsand sperms occurred simultaneously

in this ovo-testis.
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An interesting but extraordinary mistake was made by
Carus in 1839. He describes the spermatophores of Cepha-
lopods as independent organized animals having large and
small intestines, stomach, and oesophagus—a most curious
instance, remarks Eschricht, of the predilection of parasites
for certain localities. In spite of the fact that a correct
description of these bodies, as far as it went, had been
published by Needham in 1745, J. Miiller, in his Text-book
of Physiology issued some ninety years later, accepts Carus’s
account, and still considers it doubtful whether the sperma-
tozoa generally are independent parasites or animated par-
ticles of the organisms in which they are found. Allen
Thomson (1839) writes in much the same vein. “There is
good reason to believe’, he says, ‘that the existence of seminal
animalcules in the male product is in some way or other
intimately connected with the integrity of its fecundating
property; if not, as some are inclined to hold, the essential
cause of it.” He is, however, unwilling to come to any
general conclusion regarding the nature of spermatozoa,
nor is he convinced that they occur only in the male semen.
They bear a close resemblance to some of the Infusoria, and
have as good a claim to be considered independent organ-
isms. Nevertheless they are invariably present in the male
semen, and must be regarded as natural constituents of it,
but it is not yet proved that they are the active or indispens-
able agents in fecundation. A much sounder view is taken
by Lallemand (1840-1). The spermatozoa, he says, have no
internal organization, nor is there any reason to believe that
they are parasites. ‘They are formed in the substance of the
testis just as the eggs arise in the interior of the ovary. The
spermatozoa are tissue elements, they represent detached
organized and living fragments of the tubules of the testis,
and are not formed, like the seminal liquor in which they
float, by secretion. The essential function of the testis is to
produce the spermatozoa. Lallemand produces evidence
that the spermatozoa do actually arise from the walls of the
seminiferous tubules, but no histological proof is offered of
their precise origin from the cells of the testis. He therefore
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shares with Peltier and Dujardin the credit of having recog-
nized the real status of the spermatozoa, the demonstration
of which was provided by Kolliker in 1841.

A final attempt to establish the existence of a visceral
apparatus in the spermatozoa by microscopic observation
was made by Valentin (1839), Gerber (1840),
and Pouchet (1847). Leuckart in 1853 remarks:
“The belief in the animal nature of the seminal
corpuscles was so deeply rooted that even many
practised and eminent microscopists, such as
Ehrenberg, Valentin, Gerber, Schwann, and
others, attempted to demonstrate in a homo-
geneous substance the presence of a more or less
complex organization.” Valentin, in sperma-
tozoataken from the vasdeferensand epididymis
of an old boar (Fig. 3),distinguishes a mouthand
anus, and an internal structure which is inter-
preted as stomachs or a coiled gut. In the testis
he found an earlier spherical stage, with con-
tained tailed bodies, which he thought might be
the embryos of the spermatozoa. These state-
ments were sharply criticized by Kélliker, Du-
jardin, and others, but Berres in 1843 was still
attempting to demonstrate a gut and an ovary
in the spermatozoa of Man. Gerber investigated
the spermatozoa of the Guinea-pig. He distin-
guishes a ventral or abdominal aspect, an an-
Fic. 4. Gerber’s terior papilla with an oral aperture, and an anal
figure of the papillawitha roundedanalorifice. Theanterior »
spermatozoon two-thirds of the body is occupied by globular 8
of the Guinea-  yegicles similar to the stomachs of the poly-

FE gastric Infusoria,! and the posterior third
exhibits two rounded bodies which are interpreted as sexual
organs. He considers that the spermatozoa are propagated
by ova, and that they are parasitic Entozoa. He is aware,
however, that the seminal fluid without these ‘Entozoa’ is
incapable of fertilizing the ovum, but, notwithstanding this,

! Ehrenberg’s polygastric theory was exploded at about this time.

a b ¢
Fic. 5. Human spermatozoa, after Pouchet, very greatly magnified
a. Anterior buccal apparatus followed by the vesicle and the coiled
intestine. 'The whole surrounded by an ‘epithelial’ pellicle
b. Specimen which tore the epithelial pellicle into shreds after pro-
longed struggles
¢. Specimen which has thrown off the epithelial pellicle posteriorly in

I one piece. ‘This condition, which has been previously described but not
| understood, ‘occurs frequently’

e
5570
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he declines to express the opinion that they are essential to
the generation of the host.

The ardent temperament of Pouchet, to which he sur-
rendered without a struggle, was not calculated to prevail
in an investigation which would have taxed all the faculties
of a critical and constructive mind. He opens (1847) by
assuming that there must be organization in the spermatozoa,
and this, he says, may be interpreted either as the beginning
of the foetus, or as the parts of a parasitic animal which has
no direct concern with the generative process of its host.
He takes the latter view, and it is characteristic of the atti-
tude which Pouchet invariably adopted that his alternative
would have led him into a trap no less disastrous. The
following are his main points. Sufficient is known of the
spermatozoa to make it possible to determine their essential
nature, and to refute the numerous hypotheses which have
sprung up around them. They are undoubtedly animals, and
reproduce themselves in the special manner characteristic of
the Microzoa. They have certain internal structures which
may correspond to viscera, they possess a definite organ of
locomotion—a true fin, and their movements postulate an
undoubted volition. After this who can contest their
animality ? They are entirely surrounded, body and tail,
by a kind of epithelial envelope which has been ‘positively
perceived’, and is ‘so manifest’ that individuals may be found
which have recently moulted it—a process which may be
compared with the similar phenomenon in Insects. This
envelope is not homologous with the epithelial layer in
higher animals, but it has a granulated surface which would
indicate that ‘it consisted probably of cells’. Although
habituated to microscopic observation, and having excellent
microscopes, it was only, he says, by prolonged and per-
severing studies that any traces of internal organization were
recognized in the spermatozoa, but at last after many
failures some individuals were found to possess a complex
structure, and hence their animality was revealed. There is
an anterior nipple which may be a mouth or sucker, and

here also, in the cephalogastric enlargement, is a vesicle
3763 F
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occupying about a third of its cavity. This vesicle is trans-
parent, and thus appears as a bright area. It may be a
stomach, or a suctorial apparatus such as is found in some
biting Insects. Behind it is a brownish spot which may be
interpreted as a visceral mass, since in it may be vaguely
recognized a convoluted intestine. ‘If there is growth there
must be nutrition, and if there is nutrition there must exist
an alimentary apparatus.’” The number of naturalists who
have described the internal organization of spermatozoa may
be small, but it cannot be doubted that their number will
be rapidly augmented in the near future. Thus several
observers have denied a complex structure in the Infusoria,
but the beautiful researches of Ehrenberg have nevertheless
triumphantly established the existence in some of them of
numerous stomachs.! ‘It is probable that the zoosperms,
after having experienced the same vicissitudes, will also be
accorded the same justice.” When it is considered that they
undergo growth and enlargement, that they have character-
" istic shapes, that their movements are voluntary and not
mechanical, inasmuch as they move in definite directions,
retire before obstacles, collect together and separate, exhibit
preferences, rotate and use the tail like an oar, it is impossible
to compare them with detached fragments of tissue, and to
refuse to admit that they are complete independent organisms.

Pouchet does not discuss in detail the origin of the zoo-
sperms, but he evidently holds that they are produced i
situ by heterogenesis, without which he says it 1s impossible
to explain the occurrence of certain parasitic worms in the
internal cavities and solid tissues of the body. He is ac-
quainted with the work of Kolliker (1841), but entirely
fails to appreciate the significance of it. Instead of recog-
nizing that Kolliker was attempting to demonstrate the
histogenesis of a normal tissue element, he concludes that
the opposite is established, and that the origin of the zoo-
sperms is ascribed to heterogenesis. Pouchet’s general con-
clusions on the zoosperms are: (1) they possess an internal
structure; (2) their development is analogous to that of

I Ehrenberg’s polygastric hypothesis was dead when Pouchet was writing.
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certain independent organisms; and (3) their movements
are controlled by volition. Hence he regards them as true
animals, but he does not attempt to classify them, or to
determine their zoological status.

In the first edition of the Régne Animal (1817) Cuvier
includes the spermatozoa, on which animalcules ‘so many
bizarre hypotheses have been founded’, under the genus
Cercaria. Cuvier, however, was apparently not interested
in the genus and says little about it—in fact he discounts
the general importance of the male semen, and holds that
in many species there is no need for a true fecundation. In
an important and critical paper Eschricht (1841) rejects the
parasitic interpretation of the spermatozoa, and holds that
in view of the establishment of several very important new
facts, such as the ‘gradual and regular development of the
spermatozoa in small sacs’, it has been proved that they are
‘essential parts of the seminal fluid’, and ‘must be considered
as analogous to the globules of the blood. Their apparently
voluntary motion by no means warrants the inference that
they are distinct animals’. He denies, further, that any
internal organs can be established in them, nor is there any
evidence that they can propagate their own species. In
Ascaris the genital organs and their products in the two
sexes tend to resemble each other in their anatomical rela-
tions, and hence the spermatozoa may be comparable with ova.
This paper, published in the same year as Kolliker’s famous
thesis, plainly indicated that the morphological significance
of the spermatozoa had at length been perceived, and that
the needful confirmation of the suggestion by the cytologist
might materialize at any moment.

Following hard on the institution of the cell theory, of
which it was one of the first and most striking results, was
the demonstration by Kélliker, in 1841, that the spermatozoa
were not organized parasites, but motile histological elements
or modified cells, which arose as integral parts of the organ-
isms in which they occurred. He named them Fila spermatica,
and by tracing their histogenesis from the cells of the testis
in the supposed host settled once and for all the first of the
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great problems which these inconspicuous but tremendous
particles have presented to the human mind.

A few years after the publication of Kélliker’s paper, in
1849, Wagner and Leuckart are in a position to assert
authoritatively that the spermatozoa of the male are normal
constituents of the animal organization like the ova of the
female, and are as necessary to the semen as the blood cor-
puscles are to the blood. Their remarkable movements are
no proof that they are independent parasitic organisms,
since this motion is paralleled in other animal and plant
structures, the normal status of which cannot be questioned.
The liquor seminis is probably an unimportant and inci-
dental element of the semen, the object of which is to hold
the spermatozoa in suspension. Of the function of the
spermatozoa themselves nothing certain is known beyond
that in some way by their contact they fecundate the ovum.
The nature of the spermatic animalcula having thus been
discovered, an approach was opened for an attack on the
precise role which they play in the generative process.

II1

FIRST STATEMENTS OF THE PREFORMATION
DOCTRINE

“The old evolution [preformation] was the greatest error that ever
obstructed the progress of our knowledge of development.” Whit-
man, 1894.

HE preformation doctrine, as a philosophical concep-
tion, has its roots in antiquity. It hasalso relations with
theological dogma, in which it takes its place as an essential
factor in the original scheme of creation. Empedocles and
Plato, and the Fathers of the Church, alike regard it as a part
of their system. Aristotle, however, is of another mind, but
although he argues against the animal existing ready-made
in the semen, in proof of which he cites his own observations
on the development of the chick, the lack of any means of
checking such a belief compels him to speak rather as a philo-
sopher than as an embryologist. He held that the generative
principle resided in the male semen, and that the female
semen served only for the nutrition and expansion of the
foetus. The male therefore was responsible for the form
(efficient cause), and the female provided the substance
(menstrual blood). As the rhetorical Buffon puts it: ‘the
male semen is the sculptor, the menstrual blood is the block
of marble, and the foetus is the figure which is fashioned out
of this combination’. If Aristotle had known of the sperma-
tozoa he would probably have been an animalculist. In the
Historia Animalium Aristotle says that ‘in a certain district of
Persia when a female mouse is dissected the female embryos
appear to be pregnant’, which reads very like the statement
of a seventeenth-century evolutionist. The modern disciple
of the old Preformation, with whom alone we are con-
cerned, is in a different position. He claims, or at all events
hopes, to establish the doctrine on the enduring basis of
observation, and such a claim can no longer evade the
searching arbitrament of the microscope.
A good example of the works on generation produced




38 FIRST STATEMENTS OF THE

before the period of serious research is to be found in the
essay of Lemnius or Levinus (1559), the famous physician of
Zirizea. It has no scientific value, but it represents fairly the
collection of gossip and abject superstition which passed for
knowledge at the time. The uterus is regarded as the ‘till’d
ground for to sow the seeds on’—a popular idea, based
obviously on the analogy with plants, which prevailed long
before and after this period. The seed of the male is therefore
the chief agent in generation, but cannot produce an embryo
without the co-operation of the female, and whether the
result is male or female depends on which side of the uterus
the seed falls, the time of the year, temperature, and the
incidence of menstruation. Many animals are bred without
seed, and arise from filth and corruption, such as mice, rats,
snails, shell fish, caterpillars, moths, wasps, weevils, frogs, and
eels. This agrees somewhat with the opinion of Paracelsus,
who held that all generation is controlled by putrefaction.

_ For example, there is a mucilaginous humour in eggs which

by any kind of moderate continual heat is putrefied and
turned into a living chick. A chick may be burnttoa powdel.‘,
converted by putrefaction to a mucilaginous flegm, which if
enclosed in its former shell may again be brought to maturity
and form a chick. “This is to revive the dead by regeneration,
and clarification, which is indeed a great, and profound
miracle of Nature. According to this processe may all Birds
bee killed and made alive againe, and made new: and this
is the highest and greatest miracle, and mystery of God,
which hee ever discovered to mortall man.’

The first modern writer to claim that the rudiment of the
embryo is actually visible in the egg before incubatiop is
Joseph of Aromatari. Harvey, in his work on generation,
mentions having visited this ‘learned physician’ in Venice in
former years. In a short letter of three pages of print dated
October 31st, 1625, Joseph mentions a work on generation
which he has been preparing for many years, but has not
found time to complete. The reason for the delay is that he
has been sorely distracted by the large number of sick noblc?s
committed to his charge, and by the grievous weakness of his
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own small body, which makes him incapable of long hours of
labour. The complete work was never published, but the
brief letter must have been considered of unusual import-
ance, since it was reprinted several times,! and enjoyed a life
of over a hundred and twenty years. The abstractors of the
Royal Society, however, writing in 1809, considered the
letter of such slight interest that they did not reprint it.
Schrader in 1674 asserts that Joseph was the first to claim
that the embryo is present in the egg before incubation, and
much later, in 1752, Parsons mentions that according to
Joseph the chicken is already formed in the unincubated egg
in the same manner as the plant is present in the seed before
germination. The reference to preformation in Joseph’s
letter is very brief. He only says that the chick is fashioned
in the egg before it is incubated by the hen, and afterwards
grows as the result of the maternal heat and the nutrient
material in the egg, assisted by those vital principles derived
from the atmosphere. Joseph accepts generation ex ovo, but
rejects spontaneous generation. Such was the simple begin-
ning of an hypothesis which was to hang like a millstone
round the neck of the embryologist for over a century.

Sir Kenelm Digby (1644), in a short paragraph, refers to
a preformation doctrine ‘held by some’, according to which
‘the embryon is actually formed in the seed, though in such
little parts as it cannot be discerned until each part have
inlarged, and increased itself, by drawing into it from the
circumstant bodies more substance of their own nature’.
Harvey, however, following Aristotle, holds that ‘there is no
part of the future foetus, actually in it [the egg], but yet all
the parts of it are in it potentially’. In another place he
mentions foetuses ‘in quibus forma oritur ex potentia
materiae praeexistentis’.2 In these passages we have the first
application of the term pre-existence to an embryonic state,
and also the first hint of a molecular preformation in the egg,

* In the Phil. Trans. reprint it is stated that the letter was first published at

Frankfurt in the year 1625. This is an error, the Frankfurt edition bearing the date
1626

? De Generatione, 1651, p. 122.
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which is variously accepted by modern embryologists.
Highmore’s work on generation, published in 1651 some two
months after Harvey’s, which Haller refers to as a ‘work
almost unknown’, expounds a theory of generation which
halts between pangenesis and preformation. Highmore
appears to have been the first observer to study the develop-
ment of an animal ‘by the help of a microscope’. Malpighi
usually enjoys the credit of this. Harvey in three places
mentions using a perspicil or perspective (magnifying glass).
The seminal atoms, says Highmore, are already in their
proper places in the cicatricula [blastoderm] of the egg, and
have the same relative disposition as in the older and visible
embryo. Even in the cicatricula before incubation there is
some distinction of parts, which never vanishes with de-
velopment, but becomes still more distinct. ‘So that these
seminal Atomes as soon as they are conjoined in a convenient
place, by the due ordering and regulating of the specifick
soul, put themselves in order, fall to their proper places, and
make up a Chick before the Egg be perfected.” This is a form
of preformation, without emboitement, vaguely expressed
and doubtless vaguely conceived, but important as indicating
the trend of contemporary thought.

In an early criticism of Harvey by Ross (1652), who de-
clares that Harvey’s views on generation are as offensive to
others as they are to himself, the embryo is derived from the
male seed, in which alone the formative faculty is said to
reside, the female having only a passive role, and producing
no active seed. Having apparently forgotten this statement,
Ross proceeds to criticize epigenesis in the following words:
“The egge is not altogether a body inorganicall actually,
seeing 1t hath different parts. Besides, it is organicall
potentially, as containing in it all the parts and members of
the chick that shall bee. So the seed of other animals con-
tains potentially the animal that shall be, with all its mem-
bers; therefore the common opinion is, that seed is drawn
from all parts of the body because it contains in it all the
parts.” Ross’s attitude favoursa type of speculative pre-
formation very similar to that supported by Highmore. It is

il

Fig. 6. Tlustrating Swammerdam’s analysis of the life history
of a butterfly. 1v, Caterpillar about to undergo mctzlmorphosis',
from which, after treatment with hot water, the butterfly
shown at A and B can be extracted. v, the chrysalis—a later
stage than A and B and differing apparently from it, but never-
theless a butterfly, as shown when its parts are displayed as in c.
£, the mature chrysalis about to liberate the perfect insect.
¥, the empty chrysalis case in four parts after the escape of the
butterfly. b, G, 1, the escaped imago expanding to form the
perfect insect shown at vi. From these facts Swammerdam
concludes that the butterfly was in the caterpillar, or in other
words, the caterpillar 75 the butterfly and hence there is no
epigenesis
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difficult, however, to reconcile the two passages which have
just been quoted, unless by egg he means the fecund egg, and
even then we are left wondering what his opinions actually
were. Power, another early microscopist (1664), is also
disposed to discredit epigenesis, and to lean towards pre-
formation. He states that as soon as the pulsating particle
appears in the chick, the microscope most distinctly shows
it to be the complete heart with both auricles and ventricles,
and not having one auricle only as supposed by Harvey, and,
furthermore, the auricles can be observed to pulsate before
the ventricles. ‘So admirable is every organ of this machine
of ours formed, that every part within us is intirely made,
when the whole organ seems too little to have any parts at
all” He believes the heart and circulation to exist even in
the second day chick, but that they are not discernible owing
to the fact that the circulating liquid is white and not yet
converted by heat into red blood. On this latter point
Malpighi later expressed similar views. Finally Descartes
(1664) seems to have held that the first animal and the first
man included the elements or rudiments of all their posterity,
but, as Fontanelle observes, ‘it is necessary to admire Des-
cartes always and to follow him sometimes’.

Thus the doctrine of preformation, inherited as a faint
outline from medieval philosophy and Church dogma, was
in the air, and only required the addition of some fragment
of observation to precipitate it as a tangible and attractive
hypothesis. The man to achieve this dubious success was
Swammerdam. In his first work on Insects, published in 1669,
he refers to, but does not quote, the passage in Hebrews
vii. 9—10, in which Levi is represented, not only as receiving
tithes, but as having paid them, long before he was born,
through Abraham, inasmuch as he was in the loins of his
father when Abraham was paying tithes to Melchizedek.
This passage was understood by Swammerdam to express
a belief in preformation, which it can only do on the assump-
tion that the ‘father’ referred to pre-existed in the loins of
Abraham. Swammerdam himself had just discovered that

the larva of the butterfly was present in the egg, and in its
3763 G
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turn enclosed anticipations of the pupa and imago. The four
stages therefore, egg, larva, pupa, imago, were enclosed in
that order as in a series of diminishing boxes, and he was
consequently beguiled into the belief that generation was
not, as it appeared, a series of recurring epigenetic cycles, but
an unbroken and continuous process involving the successive
emergence, and development by growth, of a series of indi-
viduals which had been simultancously brought into exist-
ence at the creation of the world. Later, in the Biblia
Naturae, he says: “The beetle is only a nymph disengaged
from its skin, and changed by accretion; as the nymph like-
wise is only a worm t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>